seeds are separated mechanically or manually by beating. The seeds so obtained in huge amount as by products are considered waste material and unused (Jain et al., 2009). One mature tree gives on an average 1000 fruits that yield nearly 6 kg floss and 5 kg seeds. It is reported that the seeds contain 23.5% oil and major fatty acid components are linoleic, oleic and palmitic (Arafat et al., 2011). Considering the total potential of seed production, its commercial exploitation as newer source of oil might be considered for which the seed need to be evaluated for its chemical and nutritional properties. Ceiba pentandra (Bombacaceae), an elegant tree, 20-30 m in height, is available throughout the hotter parts of India and African countries in commercial quantities. It resembles B. ceiba and is considered most important as a source of Kapok fibre obtained from the floss derived from the inner fruit wall. Past and modern day herbalists recommend various parts of the tree for a wide range of medical applications, in the treatment of colds, coughs, fever, headache, leprosy, diarrhea, dysentery, dysmenorrhea, hypertension, stomach problems, hernia, gonorrhea, edema asthma and rickets (Elumalai et al., 2012; Friday et al., 2011). The seeds of C. pentandra are available largely as waste by-products during collection of its floss as that of B. ceiba. The oil content of the seed is in the range 20-25% and the seed oil is rich in linoleic acid followed by palmitic and oleic acid (Salimon and Kadir, 2005). The possibility of using B. ceiba seed oil as a raw material for biodiesel production is also investigated (Norazahar et al., 2012). As the fatty acid composition of the seed oil resembles that of cotton seed oil, therefore, its chemical and nutritional evaluation is highly needed.
MATERIAL AND METHODS

Samples, Solvents and Reagents
Dried seeds of Bombax ceiba (BC) and Ceiba pentandra (CP) were collected locally in the month of May (2012) when they were abundantly available. Annona squamosa (AS) seeds were also collected locally in the month of September while Abroma augusta (AA) seeds were purchased from a local Aurvedic shop and identification was confirmed by Prof. A. Bhattacharyay, Botany Department, Burdwan University, Burdwan, WB, India. All the solvents as well as chemicals were of analytical grade, procured from M/S, Merck India Ltd., and used in the study without further purification.
Extraction of Seed Oil
The dried seeds were pulverized into powder and extracted with petroleum ether (40-60 º C) in a soxhlet apparatus for 72 hours. The solvent was evaporated at low temperature under reduced pressure in rotary evaporator to obtain the seed oil. The oil content was expressed as a percentage of the extracted oil to the sample weight (w/w). The oil obtained so far was stored separately in a dark glass bottle in cold (4 º C). Refining and Physicochemical Analysis of the Seed Oil All the seed oils had unusual color like brown, reddish yellow and pale yellow, so, they were decolorized by treating with Fuller's earth, activated carbon and charcoal and subsequent filtration to get the palatable color. Neutralization of the decolorized seed oils were done by treating with boric acid, sodium bisulphate and dilute NaOH solution whenever necessary. The physicochemical constants of the refined seed oils like specific gravity, refractive index, iodine value, acid value, saponification value and unsaponifiable matter were determined according to the Official and Tentative Methods of the AOCS (1993). The oils were examined for ultraviolet (UV) absorption in CCl4 on a Beckman 26 UV-Visible spectrophotometer and for infrared (IR) absorption in KBr disc using a Beckman Model 221 IR spectrophotometer. The refined seed oils as well as their fatty acid methyl esters were also examined for the presence of hydroxyl, epoxy and cyclopropenoid fatty acids following turbidity 
Fatty Acid Analysis
The fatty acid composition of the seed oils were determined by gas liquid chromatography (GLC). The refined seed oils were converted to their corresponding methyl esters by refluxing with methanol containing 1.0% sodium methoxide following the method described earlier (Mondal and Ghosh Majumdar, 1984). It was found by Halphen test (Magne, 1965 ) that the CP seed oil contains cyclopropenoid fatty acids for which methyl esters of it were treated with anhydrous methanol saturated with silver nitrate for 20 hr at ambident temperature to convert esters into stable ether and keto derivatives for GLC analysis. Thin-layer chromatography (TLC) of methyl esters was carried out on Silica gel G using n-hexane, diethyl ether and acetic acid (80:19:1 v/v/v) . GLC analysis of the fatty acid methyl esters (FAME) was performed using a Perkin Elmer F 11 gas chromatograph (GLC) fitted with a flame ionization detector. The carrier gas was nitrogen with a flow rate of 30 mL per minute. The stationary phase was a glass column (1.8 m X 6 mm) containing 15% DEGS coated on 100-120 mesh chromosorb 'W'. The temperature of the column was maintained at 200 ºC throughout the analysis. The injection port and detector were maintained at 250 º C and 300 º C respectively. The chart speed one centimeter per minute and attenuation (16 X 10 -10 ) were also suitably maintained. The peaks obtained by injecting the FAME of the oil samples under study were identified by running a mixture of standard FAMEs (Sigma Chemicals, Germany). Areas of the triangular Gaussian peaks were measured and they were summed up to find the percent distribution of individual fatty acids.
Nutritional Evaluation of the Refined Seed oils
Sixty albino rats of local strain (inbred in our laboratory) age 1 month and weighing about 60-70 g of either sex were divided into five groups of 12 animals each and individually caged. Four groups were used as experimental and fed on diet containing 10% refined seed oils while other group of 12 rats receiving 10% peanut oil in the diet served as control. One refined seed oil was used exclusively for all the twelve animals of a experimental group and in this way 4 seed oils were assigned to 4 groups. Besides oil, the composition of the diet of both experimental and control groups was same as used in our earlier study (Mondal et al., 1982) . The animals were fed on their respective diets and water ad libitum for 12 weeks. Food intake was recorded daily and the animals weighed twice weekly. Feed efficiency ratios (FER), which represent the weight gain per unit food intake, were calculated. Digestibility of the oils was determined from the data of oil intake and oil excreted through urine and feces. At the end of experimental period of 12 weeks, the rats of the both experimental and control groups were sacrificed, blood and livers were collected and total lipids, phospholipids, total cholesterol, triglycerides and FFA were determined following the conventional methods as described in one of our earlier study (Mondal and Maity, 1983) . The key organs such as liver, heart, kidney, spleen and reproductive organs were weighted and examined microscopically for histopathology. Statistical analysis of the data was done by Student t-test.
RESULTS AND DISCUSSION
Refining
Data on crude oil content of the minor oilseeds as well as yield after refining are presented in Table 1 . All the plant seeds had appreciable oil content but the crude seed oils had an undesirable color, high acid value and high unsaponifiable matter. In fact, minor oils are usually characterized by deep color and high contents of free fatty acids and non-lipid components as unsaponifiable matter which limits their use in the raw state. One of the crude seed oils, AS contained alkaloid at the level of 0.1% as evidenced by chemical test. The crude seed oils were refined on a laboratory scale by trial and error methods following the principles recommended by AOCS (1993). All the refined seed oil had a palatable color like that of mustard oil. Refining loss was comparatively lower with an appreciable final yield. Refined AS oil was found to be devoid of alkaloid.
Physicochemical Properties
The physicochemical properties of the refined seed oils are presented in Table 2 . Among the four minor oils, AA showed comparatively higher values for specific gravity, refractive index and saponification value but the values are within the safe limit for edible vegetable oils according to Indian (IS, 1984) and Codex standards (FAO/WHO, 2009). The AU oil had a high saponification and iodine value which indicate that it is semidrying type. It was found that the refining of the seed oil reduced the acid value remarkably; for AA it was reduced from 7.5 (for crude one) to 1.5, for AS from 6.8 to 0.8, for BC from 8.4 to 2.1 and for CP from 6.4 to 1.7. All the refined seed oils had low unsaponifiable matter in the range of 0.61 -1.41, a good criterion for their edibility. TLC of the unsaponifiable matter of the refined seed oils on Silica gel G using a solvent system of benzene:ethyl acetate (95:5 v/v) did not reveal any unusual constituents. Each of the refined seed oils gave a negative response for Fioriti's picric acid test (1966) indicating the absence of epoxy fatty acids in the refined seed oils. The sulphuric acid turbidity test (Lakshminarayana, 1968) as well IR spectra did not show the presence of hydroxyl fatty acids in the refined seed oils. Among the four seed oils, AA, AS and BC responded negatively to the qualitative test for CPFA and their IR spectra did not show any characteristic band of the cyclopropenoid moiety while CP gave a positive response for the Halphen test as well as an IR spectra band at 1008 cm -1 confirming the presence of CPFA in it. The UV and IR spectra of the refined seed oils or their methyl esters did not show the presence of either trans or conjugated unsaturation.
Fatty acid composition
The fatty acid composition of the four refined seed oils obtained by GLC analysis is shown as percent of total methyl esters in Table 3 . Linoleic acid was predominant (68.2%) in AA seed oil, followed by palmitic (13.8%) and oleic (10.0%). The AA seed oil also contained 4.1% linolenic and 3.9% stearic acids. The major fatty acids in AS seed oil were oleic (52.4%), linoleic (19.6%), palmitic (12.4%) and stearic (8.6%). Simultaneously it contained arachidic (4.3%), linolenic (1.5%) and myristic (1.
of AS seed oil may be attributable to varietal differences as well as differences in agronomic conditions under which the plants are grown. The major fatty acid components in BC were oleic (62.0%) and palmitic (24.8%) followed by linoleic (8.2%), arachidic (2.8%) and myristic (2.2%). The fatty acid composition of BC seed oil obtained in the present study does not significantly differ from that reported earlier (Arafat et al., 2011) . The CP seed oil was rich in linoleic (37.2%), oleic (25.6%) and palmitic (22.4%) acids followed by stearic (2.7%), linolenic (1.0%) and myristic (0.5%) acids. This result was somewhat different from that reported by Sarkiyayi et al (2009) who reported 42.6, 20.9, 20.8, 13.7 and 1.9% for linoleic, palmitic, oleic, stearic and linolenic acids respectively in CP seed oil. The refined CP seed oil contained an appreciable amount (10.6%) of CPFA in which malvalic acid (7.5%) was more predominant than sterculic (3.1%). Surprisingly Sarkiyayi et al (2009) did not note the presence of CPFA, Salimon & Kadir (2005) on the other hand reported 10-12% CPFA in CP seed oil. All the four refined seed oils studied so far contained a higher proportion of unsaturated fatty acid at the level of 82.3% for AU, 77.8 for AS, 73.0% for BC and 63.8% for CP similar to the commonly used vegetable oils.
Nutritional evaluation
The growth performances and the FER in both the control fed 10% peanut oil diet and experimental groups fed 10% refined seed oil diets were calculated for 12 weeks. Results are presented in Table 4 . The animals of experimental groups gained less weight than controls and the lowest value was observed for the animals fed CP seed oil. The value for FER was significantly lower in the group of rats fed CP seed oil as compared to those fed peanut oil, although FER of other three experimental groups were somewhat lower but did not differ significantly with that of peanut oil. The values for digestibility were 90, 89, 91 and 82% for AA, AS, BC and CP seed oils respectively compared to 94% for peanut oil. Thus, the nutritional quality of the refined seed oils (except CP) appears to be satisfactory on the basis of their digestibility, growth performances and FER. Additionally AS and BC had a very high content of oleic acid (MUFA) which is nutritionally favourable for health as MUFA reduces the risk of coronary artery disease by decreasing serum cholesterol (Covas, 2007; Covas et al., 2009) . Organ weights of the rats fed either peanut oil or refined seed oils for 12 weeks at the time of sacrifice, expressed as percentage of body weight are shown in Table  5 . The results revealed no significant difference in organ weights between control and experimental animals except for those fed CP seed oil. Liver, heart and testis/ovary weights of rats fed CP seed oil were significantly higher than the corresponding values obtained for the controls. Lipid profile of serum and liver of rats were measured at the time of sacrifice after 12 weeks of feeding either peanut oil or refined seed oil diets and are presented in Table 6 . The group of rats fed AA, AS and BC seed oils did not differ significantly with regard to a variety of serum and liver lipid parameters as compared to those fed peanut oil. On the other hand, total lipids, total cholesterol and triglycerides of serum and liver and serum FFA of rats fed CP seed oil were significantly higher compared to the corresponding values for controls. The results on lipid biochemistry indicate altered lipid metabolism in the animals fed CP seed oil. Histopathological examination of the various organs did not reveal any significant abnormalities in the rats fed refined seed oils except CP seed oil. Some histopathological changes including mild to moderate degree of fatty infiltration were noted in the liver of rats fed CP seed oil. Adverse effects of feeding pure CPFA are well documented (Shone, 1966) . Morphological changes in the liver due to lipid accumulation, increased liver weight and reduction in mixed function oxidase system were also recorded in literature (Lee et al., 1971) . Previous study by Lee and others (1971) showed that CPFA can act as a carcinogen in rainbow trout fed aflatoxin. On the contrary, beneficial role of CPFA in obesity has recently been reported (Ortinau et al., 2013). In fact, CPFA inhibit the desaturases and hence the stearic → oleic → linoleic →arachidonic pathway is inhibited -a probable reason for altered lipid metabolism. Thus, poor growth performance and altered lipid metabolism in rats fed 10% CP seed oil are probably due to presence of CPFA in the oil. Similar results had also been reported after feeding Hibiscus sabdariffa seed ( 
CONCLUSION
It is revealed from the results of the present study that Abroma augusta (AA), Annona squamosa (AS), Bombax ceiba (BC), and Ceiba pentandra (CP) seeds contain considerable amount of oil and seed oils can be refined traditionally with low refining loss. The physicochemical properties of the refined seed oils are more or less similar and comparable to most common vegetable oils like groundnut, sunflower and cotton seed. Fatty acid composition of the refined seed oils is determined by GLC. Major fatty acids are found to be linoleic (68.2%), palmitic (13.8%) and oleic (10.0%) in AA seed oil. In AS seed oil predominant fatty acid is oleic (52.4%) followed by linoleic (19.6%) and palmitic (12.4%). BC seed oil contains higher percentage of oleic (62.0%) along with considerable amount of palmitic (24.8%) and linoleic (8.2%) acids. In CP, the major fatty acids of the oil are found to be linoleic (37.2%), oleic (25.6%) and palmitic (22.4%). The CP seed oil also contains 10.6% CPFA, of which malvalic acid is more predominant than sterculic acid. It is noted from the results of nutritional evaluation by well established rat bioassay procedure that the refined seed oil based diets show good growth performances and FER, normal serum and liver lipids and normal histopathological findings except CP seed oil. The rats fed CP seed oil exhibits inferior growth, low FER and histopathological abnormalities in the liver, probably due to CPFA being present in the oil. In conclusion, since the physicochemical nature and fatty acid composition of the refined seed oils except CP seed oil are compared well to most common vegetable oils, nontoxic and have good nutritional quality, they can be considered for human consumption while CP seed oil may not be recommended for edible purpose.
